The concentric spherical cavity is used as a vehicle for study of the complete breakdown of the '*relativistic particle in a box" formula for the photon rest mass effect. The results are applied to a determination of the limit on the photon's rest mass which can be inferred from the Schumann resonances.
from the Schumann resonances.
We consider a cavity consisting of the space between two concentric conducting spheres and study the dependence of its resonant frequencies upon an assumed photon rest mass for various values of the ratio of inner to outer radius.
Our interest arises on the one hand from its relevance to a suggestion of H. Kendall , that the Schumann resonances in the cavity formed by the earth and the ionosphere2 be used to set a limit in the photon's rest mass; and on the other, from its utility as a vehicle for exploring in detail the breakdown of the 'relativistic particle in a box" formula for the photon rest mass effect.
For the case of a Klein-Cordon particle whose wave function is required to vanish at the boundary of a closed cavity, it is easy to show that the dependence of the energy upon the rest mass of the particle is given by the relation *Work supported by the U. S. Atomic Energy Commission.
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(Submitted to Phys. Rev. Letters) for every mode of the cavity. In Eq. (1)) hkoc is the energy of a zero rest mass particle for a particular mode and 3k'c the energy of the corresponding mode for a particle with rest mass ?iK /c . We shall refer to Eq. (1) as the 'Relativistic Particle in a Box" (RPB) formula.
While it has been generally assumed3 that the RPB formula would also hold for photons in a perfectly conducting cavity, it has recently been shown 495 that it is not generally valid. For purposes of discussion it is convenient to parameterize a corrected form of Eq. (1)) valid for (k 12-k$ /k; << 1, by defining an in general complex "mass sensitivity coefficient", g, via the equation
The case of the spherical cavity was briefly discussed in Ref. 4 , where it was pointed out that the corrections to Eq. (1) either vanish or are very small.
Thus g z 1 for that case. The situation for concentric spheres can be expected to be different, however. This circumstance is due to the existence of a class of modes ("special" modes) for whichko remains finite when the inner (a) radius approaches the outer radius (b) . 6 Since this behavior has no counterpart for the RPB, there is no reason to expect any validity for the RPB formula. Indeed we expect on the basis of the discussion in Ref.
4 that g will vanish as a+ b.
By studying the dependence of g upon the ratio a/b one can observe the full breakdown of the RPB formula in a situation subject to exact analytic solution.
We assume exp ik'ct time dependence for all fields, use spherical coordinates 
In Eqs. (3)) (4), (5) 
with v 2 =n(n+l) . The full behavior of g for the special n=l mode is shown in Fig. 1 and values of the constants g(n) are tabulated in Table 1 . Evidently g does indeed vanish for each special mode as anticipated. For the regular modes g+lasadb.
-4- We A reliable assessment of the effect of a photon rest mass could be obtained by repeating the elaborate analyses which has been performed with a rest mass included. We shall, however, confine ourselves here to a crude approximation which consists of applying Eq. (2) using for g the value determined in the infinite conductivity limit and using for the ionospheric height a nominal 70 kilometers.
We thus obtain Re g = .00486 for the first mode. We note that the correction to the RPB formula degrades the efficacy of this means of setting a rest mass limit by a factor 14. Table 1 priate to our crude analysis) that 6fI > 1 Hz is inconsistent with existing knowledge of the ionosphere 12 and hence that Xp > 8.3 x 10' cm. This limit (which might, for the present, be halved, to be more conservative about 6fI and to take account of uncertainty in g) is a factor 100 poorer than the current best limit, which is based upon geomagnetic measurements. 13 On the other hand, it is about twenty times better than any other determination in which wave propagation properties play a role. 14 The author is indebted to H. Kendall, M. Baker, and T. Madden for helpful discussion, to B. Tice for assistance in computing g(a/b), and to the SLAC Theoretical Group for its hospitality.
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APPENDIX
For the interested reader we exhibit the complete expression for g. To keep the expressions to a reasonable length we define a number of auxiliary quantities. u = koa , v = kob with u and v related by 12. This judgement is based upon the values listed in Tables 7 and 8 and upon the discussion of the WKB and SID models on pages 232-234 (Ref. 11). We note that models such as the WKB which reduce the frequency of the lowest modes also reduce Q,, while the rest mass effect increases Qo. 
